Using chimeric repressor silencing technology, we previously reported that functional repression of PtSND2 severely arrested wood formation in transgenic poplar (Populus). Here, we provide further evidence that auxin biosynthesis, transport and signaling were disturbed in these transgenic plants, leading to pleiotropic defects in their growth patterns, including inhibited leaf enlargement and vascular tissue development in the leaf central vein, suppressed cambial growth and fiber elongation in the stem, and arrested growth in the root system. Two transgenic lines, which displayed the most remarkable phenotypic deviation from the wild-type, were selected for detailed studies. In both transgenic lines, expression of genes for auxin biosynthesis, transport and signaling was down-regulated, and indole-3-acetic acid distribution was severely disturbed in the apical buds, leaves, stems and roots of field-grown transgenic plants. Transient transcription dual-luciferase assays of ProPtTYDC2::LUC, ProPttLAX2::LUC and ProPoptrIAA20.2::LUC in poplar protoplasts revealed that expression of auxinrelated genes might be regulated by PtSND2 at the transcriptional level. All these results indicate that functional repression of PtSND2 altered auxin biosynthesis, transport and signaling, and thereby disturbed the normal growth and development of transgenic plants.
Introduction
Poplar is one of the major renewable resources that is highly valued by the pulp and paper industry (Stettler et al. 1996) . As one of the most environmentally cost-effective forest tree species, it is also extensively grown for land reforestation and contaminated soil phytoremediation (Balatinecz et al. 2001 , Rishi et al. 2001 . Understanding the molecular mechanisms that control its growth and development will facilitate the breeding of fast-growing tree species with improved wood quantity and quality.
The phytohormone auxin, which is predominantly represented by indole-3-acetic acid (IAA), plays a pivotal role in the normal growth and development of plants (Overvoorde et al. 2010 , Scarpella et al. 2010 , Vernoux et al. 2010 , Zhou et al. 2011 , Mano and Nemoto 2012 . In Arabidopsis thaliana, inhibiting auxin transport affected the development of vascular systems (Mattsson et al. 1999) . In cotton (Gossypium hirsutum), increasing auxin biosynthesis in the epidermis of ovules at the fiber initiation stage enhanced fiber yield and quality (Zhang et al. 2011) . In woody plants, auxin also functions as a key regulator in wood formation owing to its asymmetric accumulation in the developing xylem, with the highest concentration in the cambial zone and a lower concentration in the secondary cell wall-forming cells (Uggla et al. 1996 , Tuominen et al. 1997 , Sundberg et al. 2000 . Changing the IAA concentration and distribution led to affected growth patterns in transgenic hybrid aspen, including alterations in height and stem diameter growth, internode elongation, leaf enlargement and the degree of apical dominance (Tuominen et al. 1995) .
In poplar, the NAM (no apical meristem), ATAF1,2 and CUC2 (cup-shaped cotyledon) (NAC) domain proteins PtVNS (VND-, NST/SND-and SMB-related proteins), which are homologs of the well-known Arabidopsis transcription factor SND1/NST3 that regulates the differentiation of xylem vessels and fiber cells, function as critical regulators to activate a battery of cell wall-associated transcription factors involved in secondary cell wall biosynthesis during wood formation (Zhong et al. 2010a . The PtVNS (also called PtrWND) genes, including both VND and NST groups, are expressed in developing xylem tissue and phloem fiber, whereas in primary xylem vessels, only PtVNS/PtrWND genes of the VND group are expressed (Ohtani et al. 2011) . The transcription factor SND2, which is indirectly regulated by SND1/NST3, has been identified to function in fiber secondary cell wall thickening in Arabidopsis (Zhong et al. 2008) . Previously, we showed that PtSND2, a homolog of SND2 from P. trichocarpa genotype Nisqually-1, played a similar role in the secondary cell wall biosynthesis during wood formation in poplar (Wang et al. 2013b ). In the present study, we demonstrated that functional repression of PtSND2 strictly impeded the regular growth and development of poplar by disturbing auxin biosynthesis, transport and signaling in these transgenic plants.
Materials and methods

Plant materials and growth conditions
Wild-type (WT) Shanxin yang (Prunus davidiana × Populus bolleana) and its transgenic lines (3 and 16) over-expressing PtSND2-SRDX used in our previous study were propagated and cultivated as described previously (Wang et al. 2013b ).
Quantitative real-time RT-PCR
Total RNA extraction and quantitative real-time RT-PCR (qRT-PCR) analyses were performed as described previously (Wang et al. 2013b) . For PtSND2-SRDX expression analyses in transgenic lines 3 and 16, apical buds, leaves and stems of 2-month-old WT and transgenic plants grown in a greenhouse were used for RNA extraction. Quantitative real-time RT-PCR was performed using an AceQ qPCR SYBR Green Master Mix (Vazyme Biotech, Nanjing, China) and a CFX Connect Real-Time System (Bio-Rad, Hercules, CA, USA). Forward PtSND2 gene-specific primer (PtSND2-RT-F) and reverse SRDX sequence-specific primer (SRDX-RT-R) were used for qRT-PCR (Table S1 available For expression analyses of cell wall-associated genes, putative auxin biosynthesis genes and auxin transport and signaling genes in Populus, mature leaves, apical buds and stems of 2-month-old WT and transgenic plants grown in a greenhouse were used. The PtEF1β gene was employed as an internal control in all the qRT-PCR experiments. All gene-specific primers used in this study were shown in Table S1 (available as Supplementary Data at Tree Physiology Online).
Anatomical observations
For histological observations, fresh leaves and stems from the same parts of 2-month-old WT and transgenic plants grown in a greenhouse were fixed with 2% formaldehyde and subsequently passed though a graded ethanol series. The sections were embedded in paraffin. Eight-micrometer-thick sections were cut with a rotary microtome. After the paraffin was removed, sections were stained with 0.05% toluidine blue and examined with a light microscope. Images were captured under bright field using an ECLIPSE 80i microscope (Nikon, Tokyo, Japan). The radial widths of the phloem, cambium and xylem were measured using Image Tool software (UTHSCSA, San Antonio, TX, USA).
Indole-3-acetic acid content assays
For IAA content analysis, WT and transgenic plants (transgenic lines 3 and 16) grown in the experimental field at our institute (Shanghai, China) for 2 years were used. The apical buds, leaves and stems from the lateral branches were used. Roots were collected from the main root of plants. Each kind of tissue from at least three independent plants of WT and each transgenic line, respectively, was pooled and ground into fine powder in liquid nitrogen. Stems of 2-month-old WT and transgenic plants (transgenic lines 3 and 16) grown in a greenhouse were also collected for the analysis. Extraction of IAA was performed as described previously with minor modification (Gou et al. 2010) . Initially, freeze-dried materials were extracted with 80% (v/v) methanol containing the internal standard of [ 2 H 5 ]-IAA. The aqueous phase was extracted with EtOAc at pH 3, then with potassium phosphate buffer at pH 8.5, again with EtOAc at pH 3, and further purified on C 18 Sep-Pak and MCX SPE columns (Oasis, Milford, MA, USA). The eluant was dried and redissolved in HPLC initial solution, filtered through a 0.22 µm filter, and analyzed with a liquid chromatography-mass spectrometry system (Thermo-Finnigan, San Jose, CA, USA). Tandem mass spectrometry data were then analyzed using Xcalibur 2.1 software (Thermo-Finnigan).
Fiber length measurements
Fiber lengths were measured as described previously (Wang et al. 2013a) . Trimmed xylem pieces from the middle part of stems of 2-month-old WT and transgenic plants grown in a greenhouse were prepared. The samples were bathed in a solution of 10% hydrogen peroxide and 50% glacial acetic acid for 4-6 h at 95 °C, rinsed three times with distilled water, neutralized with sodium carbonate and washed again with distilled water. Finally, fibers were separated from each other in distilled water and measured under an ECLIPSE 80i microscope (Nikon, Tokyo, Japan). The lengths of 300 fibers from three plants of the WT and each transgenic line were measured.
Transient transcription dual-luciferase assays
To generate the LUC reporter constructs for the dualluciferase assays, the promoters of PtTYDC2, PttLAX2 and PoptrIAA20.2 containing secondary wall NAC binding element (SNBE) were cloned and inserted into the BamHI and SalI sites of pGreenII0800-LUC (Hellens et al. 2005) , respectively. To generate the CaMV 35S promoter-driven transcriptional factor effector construct, PtSND2 was inserted into the BamHI and SalI sites of pGreenII62-SK (Hellens et al. 2005) .
Transient dual-luciferase assays in poplar protoplasts were performed as described previously (Hellens et al. 2005 , Bao et al. 2014 ) and detected using dual-luciferase assay reagents (Promega, Madison, WI, USA). Briefly, after isolation of poplar protoplasts, cells were transformed as described previously (Yoo et al. 2007 ). Then the protoplasts were kept in the dark for 12 h and homogenized in 100 µl of passive lysis buffer. The crude extract (20 µl) was mixed with 40 µl of luciferase assay buffer and the firefly luciferase (LUC) activity was measured using a GLOMAX 20/20 luminometer (Promega). Stop and Glow buffer (40 µl) was then added to the reaction solution, and the renillia luciferase (REN) activity was measured. The LUC/REN ratio was used to represent the relative activity of the promoter.
Statistical analysis
For statistical analyses, Student's paired t-test was used to generate every P value. All the tests were two tailed. The data were normalized, and all samples were normally distributed with homogeneity of variance.
The GenBank accession numbers and gene models used in this study are as follows:
Results
Functional repression of PtSND2 leads to deformed leaves in transgenic plants
Previously, we generated two transgenic poplar lines (3 and 16) over-expressing PtSND2-SRDX. Functional repression of PtSND2 severely affected wood formation in the transgenic plants (Wang et al. 2013b ). To gain information on how PtSND2 would regulate the growth of woody plants, we investigated the effects of dominant repression of PtSND2 function on the development of the leaf, stem and root. As a first step, we examined the expression levels of PtSND2-SRDX in the leaves of transgenic plants. As shown in Figure 1a , high expression of PtSND2-SRDX was detected in the leaves of both transgenic lines, indicating the stable expression of the transgene in these transgenic plants. 
Functional repression of PtSND2 reduces vascular tissue development in the leaf central vein of transgenic plants
The vascular bundles (strands), commonly known as leaf veins, are important tissues for physical support of the leaf blades and for transport of nutrients and water in the leaves. The deformed leaves produced on transgenic plants prompted us to perform anatomical analyses of the leaf central veins. We found that development of xylem in the vascular tissues of leaf central veins was remarkably arrested in both transgenic lines (Figure 2a ). Given that xylem tissues consist of cells with thick secondary cell walls, we investigated the expression levels of several secondary cell wall-associated genes in the leaves of WT and transgenic plants. Quantitative real-time RT-PCR analyses revealed that the transcriptional levels of three cell wall biosynthetic genes (PtCesA18 for cellulose and PtIRX8 and PtIRX9 for xylan) and two transcription factors (PtMyb125 and PtSND3) were notably decreased in the mature leaves of transgenic plants (Figure 2b ).
Functional repression of PtSND2 inhibits stem and root development
During wood formation, cambial cells divide outwards to produce secondary phloem tissues and inwards to form secondary xylem tissues. In our previous study, we observed that dominant repression of PtSND2 function repressed the poplar secondary wood formation (Wang et al. 2013b ). Here, we further investigated the wood differentiation in these transgenic plants, which showed high expression of PtSND2-SRDX in the stems (Figure 3a) . The results showed that the width of the cambium, xylem and phloem was dramatically reduced (Figure 3b ), which indicated that the differentiation of cambial cells in these transgenic plants was inhibited. In addition, we also measured the length of the xylem fibers in these transgenic plants and found that the percentage of long fibers (>600 µm) was reduced, whereas the percentage of short fibers (<500 µm) was increased (Figure 3c ).
Root systems provide physical support for plants in the form of an anchor in the soil to absorb water and inorganic nutrients. Therefore, the reduced shoot growth of transgenic plants could also be a result of altered root development. To verify this possibility, we investigated the root growth of WT and transgenic plants (transgenic lines 3 and 16). We found that root development in both transgenic lines was obviously restrained, giving rise to a smaller root system (Figure 4a ). Compared with that of WT plants, root fresh weight was significantly reduced in each transgenic line (Figure 4b ). 
Down-regulated expression of genes involved in auxin biosynthesis, transport and signaling in transgenic plants
Auxin functions as an important regulator in plant growth and development and in cell division and expansion (Overvoorde et al. 2010 , Scarpella et al. 2010 , Zhou et al. 2011 . The observation of repressed leaf, stem and root growth in transgenic plants impelled us to clarify whether this was caused by altered IAA biosynthesis and/or distribution in the transgenic plants. It is widely believed that auxin is biosynthesized in the apical buds or young leaves and transported downstream in the stem. By qRT-PCR analysis, we found that putative auxin biosynthesis genes in Populus, PtAMI3 (indole-3-acetamide hydrolase gene), PtFML6 (flavine-containing monoxygenase gene) and PtTYDC2 (tyrosine decarboxylase gene), were down-regulated in the apical buds of transgenic plants overexpressing the PtSND2 repressor ( Figure 5) . Meanwhile, the expression of three putative AUX1-like genes (PttLAX1, PttLAX2 and PttLAX3) and two PIN1-like genes (PttPIN1 and PttPIN2) for auxin polar transport was also reduced in the stem of transgenic plants ( Figure 6 ). All these results suggested that functional repression of PtSND2 influenced auxin biosynthesis in the apical buds and polar transport in the stems.
Auxin/indole-3-acetic acid (Aux/IAA) and auxin-response factors (ARFs) are key transcriptional factors that function in auxin responses by regulating the expression of a number of auxininduced genes (Teale et al. 2006) . To understand whether functional repression of PtSND2 would also affect IAA signaling, we compared the expression levels of Aux/IAA and ARF genes in WT and transgenic plants, which are predominantly expressed in the stem of poplar as reported by Kalluri et al. (2007) . We observed that expression of four Aux/IAA genes (PoptrIAA11, PoptrIAA15, PoptrIAA20.2 and PoptrIAA29.3) and two ARF genes (PoptrARF2.1 and PoptrARF6.2) was sharply down-regulated in the stem of transgenic plants (Figure 7) , implying that IAA signaling was also disturbed in these transgenic plants.
Indole-3-acetic acid distribution is changed in transgenic plants
The decreased expression of genes involved in auxin biosynthesis and transport may have affected the IAA homeostasis in the tissues of transgenic plants; therefore, we examined IAA contents in the apical buds, leaves, stems and roots of fieldgrown transgenic plants. After growth for 2 years in the experimental field, transgenic plants showed a semi-dwarf phenotype PtSND2 affects auxin biosynthesis, transport and signaling 99 compared with the WT plants (Figure 8a ), and IAA distribution was altered in both transgenic lines. A high concentration of IAA was accumulated in the apical buds of transgenic plants, not in the stems as in the WT plants (Figure 8b ). In addition, excessive IAA was also detected in the roots of transgenic plants (Figure 8b ). These results suggested that functional repression of PtSND2 disturbed the normal distribution of IAA in the tissues of transgenic plants.
PtSND2 is able to transactivate the promoters of auxin-related genes
Transcription factors directly or indirectly bind to the promoters of their targeted genes and control their expression. It has been reported that the secondary wall NAC protein SND1 could bind to SNBE, a 19 bp consensus sequence (T/A)NN(C/T)(T/C/G)TNNNNNNNA(A/C)GN-(A/C/T)(A/T), in the promoters of its targets genes to activate their expressions (Zhong et al. 2010b . We found that the promoters of many auxin biosynthesis, transport and signaling genes also contain the SNBE sequence (Table S2  available these genes, PtTYDC2, PttLAX2 and PoptrIAA20.2, which represent an auxin biosynthesis, transport and signaling gene, respectively, were chosen for transient dual-luciferase assays. We found that expression of PtSND2 in poplar protoplasts indeed induced the expression of the reporter gene (LUC) driven by the promoters of PtTYDC2, PttLAX2 or PoptrIAA20.2 ( Figure 9 ). All these results suggested that auxin-related genes which contain the SNBE in their promoters could be transcriptionally regulated by PtSND2.
Discussion
It has been well documented that NAC domain transcription factors are the key regulators that control secondary cell wall biosynthesis (Kubo et al. 2005 , Mitsuda et al. 2005 , Zhong et al. 2006 , 2010a , Grant et al. 2010 ). In Arabidopsis, over-expression of SND1 or NST1 led to severely curled leaves (Mitsuda et al. 2005 , Zhong et al. 2006 , 2010a ; however, no effect on leaf development was observed in the transgenic poplar plants over-expressing PopNAC154 (Grant et al. 2010) . The poplar leaf has a complex leaf venation pattern, which is reticulated, with the secondary veins branched out from the central vein and connected to one another by the tertiary veins. The spatial arrangement of vascular bundles (veins) provides channels for water and nutrient transport, as well as mechanical support to the leaf blades. We found that functional repression of PtSND2 gave rise to deformed leaves with deficient vessel tissues in the central vein (Figures 1 and 2a) , possibly as a result of the suppressed expression of a group of cell wall-associated genes in the leaves of transgenic plants (Figure 2b ). The defects in the vessel tissues of the leaf vein may have inhibited leaf development and caused the deformation of leaf size and shape in transgenic plants, suggesting that PtSND2 could play an important role in leaf development in the poplar.
A previous study has shown that functional repression of PtrWND2B and PtrWND6B resulted in severe reduction in plant height and secondary cell wall thickening of xylem fibers in Populus . Similar results were also obtained in our previous work (Wang et al. 2013b ). In the present study, we found that dominant repression of PtSND2 also inhibited PtSND2 affects auxin biosynthesis, transport and signaling 101 Figure 5 . Expression analysis of auxin biosynthesis genes. Expressions of PtSND2-SRDX, PtAMI3 (indole-3-acetamide hydrolase gene), PtFML6 (flavine-containing monoxygenase gene) and PtTYDC2 (tyrosine decarboxylase gene) were analyzed by qRT-PCR. Total RNA was isolated from the apical buds of WT and transgenic plants (lines 3 and 16). The expression levels of auxin biosynthesis genes in the WT were set to 1. Error bars represent the standard deviations from three replicates. **P < 0.01, significant difference in comparison with WT (Student's paired t-test). Figure 6 . Expression analysis of auxin transport genes. Transcripts of PttLAX1-PttLAX3 (AUX1-like influx carrier genes) and PttPIN1-PttPIN2 (PIN1-like efflux carrier genes) were detected using qRT-PCR. Total RNA was isolated from the stems of WT and transgenic plants (lines 3 and 16). The expression levels of these genes in WT were set to 1. Error bars represent the standard deviations from three replicates. *P < 0.05 and **P < 0.01, significant differences in comparison with WT (Student's paired t-test).
cell division during wood formation of transgenic plants, leading to reduced development of phloem, cambium and xylem (Figure 3b ). These observations indicate that division of cambial cells and differentiation of secondary phloem and xylem tissue were repressed in the transgenic plants. In addition, although the fiber length was not apparently affected in the stem of PtrWNDs dominant repression plants , the percentage of long fibers in the xylem of transgenic plants (both transgenic lines 3 and 16) decreased compared with that in the WT plants (Figure 3c ). All these results implied that PtSND2 also functions in secondary cell division and fiber elongation during wood formation in poplar.
Auxin is an essential plant hormone, which exerts elaborate control over almost every aspect of plant growth and development, such as root and leaf development, cambial division and wood formation (Uggla et al. 1996 , Sundberg et al. 2000 , Schrader et al. 2003 , Woodward and Bartel 2005 , Vanneste and Friml 2009 , Overvoorde et al. 2010 , Scarpella et al. 2010 . Altering IAA levels in transgenic hybrid aspen over-expressing IAA biosynthetic genes severely affected shoot growth and wood formation (Tuominen et al. 1995 (Tuominen et al. , 1997 . Auxin biosynthesis genes are highly conserved in the plant kingdom owing to the common mechanism of auxin biosynthesis (reviewed by Mano and Nemoto 2012) . We selected three putative auxin biosynthesis genes in Populus, namely PtAMI3, PtFML6 (a homolog of AtYUCCA3) and PtTYDC2, which encode the representative key enzymes involved in the three major auxin biosynthesis pathways in plants, respectively, i.e., the indole-3-acetamide pathway, the indole-3-pyruvic acid pathway and the tryptamine pathway (Mano and Nemoto 2012) . Consistent with the universal understanding that auxin is synthesized in the apical tissue, these genes were mainly expressed in the apical buds compared with the leaves, stems and roots ( Figure S1 available as Supplementary Data at Tree Physiology Online) and Figure 7 . Expression analysis of auxin signaling genes. The expression of four Aux/IAA genes (PoptrIAA11, PoptrIAA15, PoptrIAA20.2 and PoptrIAA29.3) and two ARF genes (PoptrARF2.1 and PoptrARF6.2) was examined. Total RNA was isolated from the stems of WT and transgenic plants (lines 3 and 16). The expression levels of these genes in the WT were set to 1. Error bars represent the standard deviations from three replicates. **P < 0.01 significant difference in comparison with WT (Student's paired t-test). were significantly down-regulated in the apical buds of transgenic plants ( Figure 5 ). Indeed, the IAA level in the stems of both transgenic lines 3 and 16 grown in the greenhouse was evidently lower than that in WT plants ( Figure S2 available as Supplementary Data at Tree Physiology Online). Therefore, auxin biosynthesis in transgenic plants was inhibited by the dominant repression of PtSND2 functions.
To regulate the tissue development, auxin is distributed via polar transports generated by both the AUX1-like influx and PIN1-like efflux carriers (Schrader et al. 2003) . The putative polar auxin transport genes PttLAX1-PttLAX3 and PttPIN1-PttPIN3 encode the AUX1-like family of influx carriers and PIN1-like efflux carriers, respectively. Apart from PttPIN3, all of them were expressed mainly in wood-forming tissues in the stem of poplar (Schrader et al. 2003) . Over-expression of PtSND2-SRDX led to reduced expression of PttLAX1-PttLAX3 and PttPIN1-PttPIN2 in the stem of transgenic plants (Figure 6 ). Thus, the decreased IAA content in the stems of transgenic plants could be due to both inhibited auxin biosynthesis in the apical buds and blocked auxin transport in the stems.
The regulatory activity of auxin is also mediated in part by auxin-response factor (ARF) and Aux/IAA (auxin/IAA) gene families. Auxin-response factors bind to the auxin-responsive elements (AuxRE, TGTCTC) in the promoter regions of auxinresponsive genes to activate or repress auxin signaling.
Auxin-response factors can also be repressed by Aux/IAA proteins, which are usually identified by the auxin TIR1-containing SCF (SKP1-Cullin-F-box protein)-like complex (SCF TIR1 ) and degraded by the 26S proteasome (Paciorek and Friml 2006) . A total of 39 ARFs and 35 Aux/IAAs involved in auxin signaling have been identified in the Populus genome, and some of them are expressed predominately in the xylem and phloem tissues (Kalluri et al. 2007) . Interfering with auxin signaling in aspen by over-expressing a mutant form of the poplar Aux/IAA gene PttIAA3 repressed the division of cambial cells and then the development of fibers and vessels (Nilsson et al. 2008) ; therefore, the down-regulated expression of Aux/IAA and ARF genes may have changed the auxin signal and then affected the cambial cell division and fiber cell elongation during wood formation in the transgenic plants (Figures 3 and 7) . The altered vascular tissue development in the stem and leaf vein may also have affected the transport of water, mineral nutrients and photosynthates and, as a result, restricted the normal growth of transgenic plants.
The NAC transcription factors are characterized by the presence of a conserved NAC domain in the N-terminus (Ernst et al. 2004) . Some DNA binding sites in the promoters of NAC target genes have been identified. ANAC019, ANAC055 and ANAC072 bind to the NAC recognition sequence in the promoter region of the ERD1 gene and act as transcriptional activators for the PtSND2 affects auxin biosynthesis, transport and signaling 103 NAC recognition sequence-dependent transcription (Tran et al. 2004) . Likewise, secondary wall NACs, including SND1, VND6, VND7, NST1 and NST2, directly bind to SNBE in the promoters of their target genes to regulate their expression (Zhong et al. 2010b . In Populus, wood-associated NAC domain transcription factors (PtrWNDs) control the wood formation by binding directly to SNBE in the promoters of genes related to wood-associated transcription factors and secondary wall biosynthesis . PtSND2, as one of the downstream transcription factors of PtrWNDs, plays important roles during poplar wood formation by regulating a number of wood-associated genes (Wang et al. 2013b) . Interestingly, the promoters of genes involved in auxin biosynthesis, transport and signaling also contain SNBE (Table S2 available as Supplementary Data at Tree Physiology Online). In addition, PtSND2 could active the promoters of PtTYDC2, PttLAX2 and PoptrIAA20.2 in poplar leaf protoplasts (Figure 9 ). It is therefore very possible that dominant repression of PtSND2 function in the transgenic plants down-regulates the expression of auxin biosynthesis, transport and signaling genes and disturbs the normal IAA biosynthesis and distribution in the tissues and organs of transgenic plants (Figures 5-7 ). This postulate is further supported by the altered distribution of IAA in the fieldgrown transgenic plants (Figure 8 ).
Taken together, functional repression of PtSND2 affected the regular auxin biosynthesis, transport and signaling and, as a result, repressed the normal growth and development of transgenic poplar plants. Further studies on the direct binding of PtSND2 to SNBE in the promoters of its target genes and the exact relationship between auxin and wood-associated NAC transcription factors during wood formation will provide insight into the exact function of PtSND2 in the woody plants.
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